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Double Sheath Associated with Negative Ion Extraction
from a Plasma Containing Negative Ions

H. Amemiya and G. Fuchs*

The Institute of Physical and Chemical Research, Hirosawa, Wako, Saitama-Pref. Japan 351-0198
*Institut ffir Plasmaphysik, Association EURATOM-FZJ, Jillich 52425, Germany

The double sheaths formed by plasmas that contain thermal electrons, as well as positive and
negative ions has been investigated. The negative ion beam that can be extracted under these conditions
is given as a function of the electric potential, the density ratio and the Langmuir limit. The result is
useful when it comes to extract ion beams from negative ion sources.

1. Introduction where T., T,, Tp, are the temperatures and Ne2, Np2,
Nn2 are the densities at the boundary.

Double sheaths set up by electron emission [1]

and a counter-stream [2] can be tailored to give 3. Formulation
optimum extraction of beams with regard to the
Langmuir limit. Double sheaths containing The right hand side of Poisson's equation is
negative ions are scarce [3]. In a previous work N(V)/eo = -ne! -n,, 1 +npl -ne2 -nn 2 +np 2 , (5)
the effect of negative ions within a plasma upon where eo is the dielectric constant in vacuum.
electron beam extraction has been investigated Introducing the following normalization,
[4]. This paper deals with double sheaths whereby --/AD ,2,D=(e.KOTeNpie

2)1'2, 7l=eVI/ý, 7le=

the plasmas on both sides do contain negative eVIKTc, rn=eV.KTe, Ve.Nei/Npi, VnlNnl/Npi,
ions. This is of practical interest if one wants to vN N ,,j1NI, YN/,

optimize negative ion beams from an NBI y2p=TeITp, 2=JnJ2o, jn=JnnJ, j=p='Jpop/Jo, where

source. a,'=(MI/m) 12, (yp= (Mp/m),n2, Jo=Npe(2KTe/m)" 2 ,

Poisson's equation now reads
2. Model d2 fl/dV-ep/jo 0 , p=N/Np1  (6)

Consider a double layer formed by two p=- Je J- Ji____Jp

plasmas, both containing negative ions. From the ri+71 V1 + 1 exp(-yP27)+ r-+ro
lower potential side (potential V=0), thermal -qV 2 exp[-(fl,7-7)]-qv,, 2 exp[-y,,(fl, ) (7)
electrons and negative ions flow with current and the conditions at the plasma boundaries are
density J, and Jn. Particle densities no,(V), nnl(V) 1) Quasi neutrality : p= l at boun, la is.are given by1)Qainurlt: 0at7=,/.

are ge b2) Zero derivative of space charge density
ne 2, (1) dp/d(=0O at 77=0, 17a.

ne e2e(V+Ve)/ I ,"I e2e(V+V,)/M ,(1 3) Zero electric field: dr//dý-=0 at ij=0, ih.

where V, and Vn are the potentials equivalent to Multiplying dr//d4 on both sides of (6) and
the initial energy, m, Mp, M,, are electron, positive integrating, we obtain the stress (dri/dý)2/2, which
and negative ion masses. Positive ions get automatically satisfies the condition di7/d•=0 at
reflected and their density np,(V) within the sheath 77=l/a. At i7=0, then we obtain
is 0 J /2 /2n p(V) = N, pexp(-eV/ lcT,,), (2) 0=2ie(7, - ,a +ile)+2jn(77, -

where Np, is the boundary value. From the high +[I -exp(-ypr7a)]/rp +2jpi( + -m +)
plasma potential side (V=V) positive ions flow +qv,2{exp(-?7.)-1}+ qv,2{exp(-y,,%) -l}/y,. (8)
with current density Jp, such that the density The double layer does form, if eqn.(8)
becomes together with the boundary conditions is satisfied.

4. Double sheath with high potential
whereby the initial velocity is given by v.

according eVo= Mpvo2/2. Electrons and negative Putting exp(-fla)«l, exp(-ypna)«1, exp(-yefla)
ions are reflected. Their densities are «<I and exp(-Yn??a)<<l and ex lwe get

he2 = N,2 exp[-e(Va - V)I•Te,

n,,2 = Nn2 exp[-e(Va - V)/,'Tn ], (4) Je + J,2 1 + JP (9)
'e 12 Fa +•o
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J,, + i,,l l , -
-+ -qVVe 2 +.,,2), (10) iteration starting with qo=1/2, 71,=I/(2ý) to getj ,,"+ 1 7, j. and q. Afterwards new values for q. and q,,

J.e+in yp -+ =,, Je.t.c were determined.

2 -1 , 2(7,, + = 03/2 In Fig.l for q,=10, 1,==0, the beam density
2n has a maximum at a Vn2 while q. is small but

J,.+ 3/2 J, I becomes almost constant for higher q,,. This
3/2 + TO, +/2 2% (12 behavior holds in a wide range.

I 1+j,, /(q, + ) 112 Fig. 2. q, /I and p vs ý for i7,= 10, y,,=y= 10.

17 -3/ (13)10. . . . . . . .0 1
ly + j Jt /(q.a + i/o)13/22y,,=,1 --- (13) ,'1 ) .o,

= q(Ve 2 +V,, 2)+(JU +J)llnl/2 (14) 0
2q(V,,2 + 7,,V,,2 ) - (J, +j, ) 1h I

7,, and i1o given by (13) and (14) correspond to . ......... .. .o :
the Bohm criterion determining the'ion fluxes. r7,
(or 11) increases from 1/(2yp) as 1, is decreased or hojo
jp is increased. q.o increases from 1/(2y,) for the 4 .02
negative ion-rich plasma as Y7, is decreased orj,
and]j, are increased. n, tends to 1/2 of the simple
sheath ifj,=j,=0 and 7a>>. I 3

From (8), we obtain the Langmuir limit as

llyp, -q(v,. 2 + v, 2 ly,,). (15)

If q, is extremely large, the limit is modified as In Fig. 2 showing the profile of the double sheath,
jI+j,,=j,. (16) p is not symmetric as in the beam-free

Without j,, we recover J,='(Mohn)'J4. Without case, showing a narrow dip near the low potential

j., we obtain J,=(MWM0)' Jp, i.e. the negative ion side and a small bump on the higher side, though

beam is governed by the positive ion beam, and it was confirmed that the integral of p over the

determined by the square root of the mass ratio. entire region is 0. For Vn2=0. 1, n7 shows a wavy
structure near n7., suggesting a triple layer. As v.2

5. Calculations and Results is increased above 0.1, qn7' and p resemble those
of v,2=0. Therefore, except the cases with a triple

We have five equations to determine the layer, the sheath thickness 8 (normalized by AD)
unknowns 17., q, j,:+ J,=ij,,, Jp and q from the can be defined by the distance between 0.01 7,
known values n7a, vc2, v, 2, y, and y,. We define and 0.9977,. deviates from7 4131j. 112, as il, is

i•.=j,+j.. This nonlinear system has been solved decreased.
by

6. Conclusion

The double sheath theory has been extended to
the case when a beam of negatively charged ions
is extracted from a plasma containing such

.--.---- particles. Results are presented for the current
0A--- n -: .. densities of positively and negatively charged

•- I-.. . species, profiles of space charge, electric field and
.:1 . potential within the sheath. The potentials at the

...... .. .. • sheath edge will help to better understand the", ;-5 - .extraction of negative ions from negative ion

sources.0 .26 •. -.. ............. o 7 s u c s
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